Background: Colorectal adenomas are the usual precursors to carcinoma in sporadic and hereditary colorectal cancers (CRC).
Adenomas are precursor lesions to colorectal carcinoma (CRC). 1, 2 The stepwise progression described as the polyp-cancer sequence is characterized by well-recognized morphological and histological changes. For example, a small tubular adenoma acquires villoglandular features as it grows in size. On the molecular level, the polyp or adenoma-cancer sequence reflects a progressive accumulation of genomic defects. 3, 4 In general, a single adenoma presents a risk for developing into cancer with a rate of approximately .25% to 1% per year, and this relationship holds for sporadic CRC. [5] [6] [7] [8] This transformation rate is probably even higher for inherited CRC. 9 The incidence of CRC in the United States has been approximately 43 per 100,000 population, and it ranks as the second most common cause of cancer deaths in men and women: 57,000 individuals yearly. There has been a slight decline in the incidence and mortality in the past two decades, with stabilization of the incidence rates since the mid 1990s. 10 Combined strategies aimed at reducing the incidence of adenomas by endoscopic polypectomy have succeeded in decreasing the rates of CRC. [11] [12] [13] Several recent and current CRC chemoprevention trials have used or are using the rate of recurrent adenomas as the primary end point. The reduction in the rates of recurrent adenomas or the reduction of the adenoma growth rates can hypothetically lead to lower rates of CRC.
In individuals already diagnosed with CRC, the adenoma is significant in several ways. Adenomas found in association with CRC predict a higher rate of synchronous and second metachronous CRC. 14, 15 The rate of adenoma recurrence in patients with CRC resected for cure has been reported with a wide range of 8% to 46% 14 -18 by follow-up endoscopy. This wide variance can be explained by the different intervals and compliance rates of postoperative endoscopy, the retrospective nature of the studies, and variations in patient characteristics. Determining accurate rates of adenoma recurrence in a particular population will allow improved recommendations for surveillance and better selection of individuals who may benefit from chemoprevention.
The Southwest Oncology Group study S9041 is a multicenter pilot and feasibility trial involving doubleblind administration of oral calcium carbonate or placebo in patients with completely resected CRC. After a 3-month run-in period, compliant patients were randomized to either calcium carbonate (Caltrate) 1800 mg/day or placebo daily for 5 years. The primary end points were feasibility of accrual and follow-up and protocol compliance, but an important secondary end point was adenoma recurrence. To date, there are 75 patients still on protocol treatment, and the final results, including a comparison by study arm, will be reported on completion. This article reports on a preliminary review of the adenoma recurrence data. This is the second study to report the recurrence rate of adenomas found in patients with resected CRC from a prospective randomized multiinstitutional trial. Previous reports have been either retrospective reviews or prospectively designed protocols with retrospective data acquisition, and most were from single institutions. In this study, we also examine the features associated with adenoma recurrence.
METHODS
Sixty two Southwest Oncology Group institutions enrolled 280 patients with resected CRC to the 3-month run-in phase of this study. Patients with stages 0, I, and II CRC (T4 excluded), including carcinoma confined within a polyp, were eligible. Patients with familial polyposis and inflammatory bowel disease were ineligible. Complete resection of CRC needed to be within 550 days before registration. The study subjects were randomized to calcium carbonate 1800 mg and placebo, given daily over 5 years after a 3-month placebo run-in period. Pre-enrollment colonoscopy was to be followed by repeat colonoscopies at 1, 3, and 5 years. Pathologic review was performed to confirm stage and histology of the CRC, synchronous adenoma (SA), and recurrent adenomas. Colonoscopy data collected prospectively included the site of primary CRC, synchronous and recurrent adenoma characteristics (number, size, histology, and site), and follow-up information, including tumor recurrence and sites, drug toxicity, and drug intake compliance. Sixty of the 280 initially registered patients did not continue to randomization, mostly because of refusal or failure to comply with study drug doses and schedules. Sixteen of the 220 patients who proceeded to randomization are currently ineligible because of inadequate run-in compliance (n ϭ 2), failure to perform required baseline evaluations (n ϭ 4), and insufficient documentation of eligibility criteria (n ϭ 10). We report here on 192 eligible patients from both arms combined for whom we currently have follow-up data on the incidence and characteristics of recurrent adenomas, recurrence of tumor, and development of second CRC.
Because compliance with the follow-up colonoscopy schedule was variable (see Results), which poses many challenges for analysis, we report very basic recurrence rate information. The overall recurrence rate was calculated as the percentage of all patients (n ϭ 192) who had at least one adenoma recurrence detected at any time during follow-up. The 1-year recurrence rate was calculated as the percentage of patients who had at least one adenoma recurrence reported within the first 12 months on the study among all patients who were at least 1 year out from randomization (n ϭ 188). Similarly, the 2-and 3-year rates were calculated as the percentage of patients who had at least one adenoma recurrence reported within the first 2 and 3 years on the study, respectively, among all patients who were 2 and 3 years out from randomization at the time of analysis (n ϭ 141 and n ϭ 92, respectively). Although this method may underestimate the true recurrence rates, it was chosen to avoid the potential inflation of recurrence rates resulting from the exclusion of patients who had not undergone a recent colonoscopy.
Comparisons of rates by the various baseline factors were performed with a 2 test of association. These baseline factors were also considered together by using a logistic regression model with forward stepwise selection. For this part of the analysis, stage was considered both categorically and as an ordered variable. The number of SAs at baseline was considered as an ordered variable, with increments as follows: 0 vs. 1 to 3 vs. Ն4 adenomas. Although the use of failure time analysis (e.g., the Kaplan-Meier method) was considered, it was deemed inappropriate because of the inability to determine when a recurrent polyp actually appeared.
RESULTS
The median age at randomization was 68 years (range, 31-90 years), and 62% were men. The site of CRC at baseline was rectal in 20% and colon in 80%. SAs were present in 60%, and 14% had more than four SAs. Tumor stage at baseline was stage 0 (carcinoma-in-situ) in 5%, stage I in 52%, and stage II in 43%. Cancer confined to a polyp was present in 24% of patients. Patients with more advanced CRC were not eligible.
Although the pre-enrollment colonoscopy was to be followed by repeat colonoscopies at 1, 3, and 5 years, a proportion of patients underwent their first follow-up colonoscopy at year 2 or later. A total of 79% of patients had undergone the requested 1-year colonoscopy by 15 months. However, eight of these patients had undergone the first colonoscopy (with negative findings) within 6 months of registration without a repeat at 1 year. Among patients who were at least 2 years out from randomization, 84% had undergone at least one follow-up colonoscopy by year 2. By 39 months, 52% of those patients who were 39 months out from randomization (n ϭ 92) had undergone two follow-up colonoscopies, and 90% had undergone at least one.
The locations of recurrent adenomas are listed in Table 1. The 1-, 2-, and 3-year cumulative adenoma recurrence rates, calculated as described previously and broken down by year of detection, are listed in Table 2 . Most recurrent adenomas were found in the first 2 years of follow-up. The overall recurrence rate for patients with any amount of follow-up (n ϭ 192) was 31%.
As shown in Table 3 , there was a statistically significant association between adenoma recurrence and the presence of SA at baseline, as well as the number of SAs at baseline (P ϭ .01). The highest rate of recurrence (59%) was seen in patients with four or more SAs. In a logistic regression analysis, SA and stage were selected for inclusion via stepwise selection in a multivariate model (P ϭ .0003 and .03, respectively). All other baseline factors were rejected. In this model, each incremental increase in the number of SAs at baseline (0 vs. 1-3 vs. Ն4) conferred an odds ratio of 2.43 (Table 4 ). The odds ratio for each one-step increase in stage was 1.84, but this relationship was evident only when SA was included in the model. When stage is considered alone (without adjusting for SA) as a categorical variable (P ϭ .09) or as an ordered variable (P ϭ .13) for adenoma recurrence, it does not reach statistical significance, a fact that is readily apparent by viewing the results in Table 3 . There may be a weak relationship between baseline stage and SA (see Table  5 ) that could account for this effect.
There were no statistically significant differences in adenoma recurrence rates when analyzed by age, sex, site of cancer, or whether the primary tumor was confined to a polyp. Among the 60 patients who had an adenoma recurrence, most (57%) had Ͼ1 recurrent polyp present, and 12% had Ͼ4 new polyps. Eleven patients (9%) had recurrent adenomas found on more than one occasion. These were separate recurrences, because each time the adenomas were excised endoscopically.
Eleven patients had had cancer recurrences at the time of this review. Eight of these 11 patients had stage II CRC at baseline (10% recurrence rate for stage II). Three had stage I cancer (3% recurrence rate for stage I). All three recurrences in patients with initial stage I disease were local and regional, whereas four of the eight recurrences in stage II disease were distant. Four second primary CRCs were found, three of which were in patients with SAs. There were 29 deaths among the study patients, 7 of whom were among the 11 who had recurrent disease.
DISCUSSION
Current efforts in prevention of CRC highlight the important role of colorectal adenomas. Surveillance and endoscopic excision of polyps reduces the incidence of CRC. [11] [12] [13] Chemoprevention with calcium in sporadic adenomas 19 and nonsteroidal anti-inflammatory drugs in familial polyposis 20 and sporadic adenomas, 21 for example, has reduced the number and frequency of recurrent adenomas. These studies have also extended our knowledge of the nature of adenoma recurrence. The ultimate goal is linking the clinical behavior of adenomas and subsequent presentation of CRC.
In the setting of sporadic adenomas, the recurrence of adenomas has been found to be affected by several variables: number, size, 22 and histology, 23 as well as location of index adenomas, age, and sex. 24 Several authors have clustered the characteristics of size (Ͼ1 cm) and histology (villous or dysplastic component) to define advanced adenomas. A left to right shift on the intraluminal location of the recurrent adenomas has been reported, 22, 25 and the more proximal colonic presentation of recurrent adenomas has implications for methods of surveillance: colonoscopic as opposed to flexible sigmoidoscopy.
In the setting of resected CRC, surveillance for recurrent adenomas and second primary CRC has been based on retrospective studies and a few prospective studies. The incidence of adenomas found in the postoperative surveillance has a wide range of 8% to 46% during an average follow-up period of 3 years. 14 -18 Neugut et al. 15 reported retrospectively on 290 patients after eliminating 61 patients from the initial review because of lack of complete data or Ͻ1 year of follow-up, and they found the adenoma recurrence rate to be 30%. In this study, the cumulative 3-year incidence is 31% (n ϭ 192), and for patients who were followed up for at least 3 years, a conservative estimate of the incidence rate is 35% (n ϭ 92). Considering the rate of missed adenoma of any single colonoscopic procedure, the rate of recurrent adenomas is more reproducible when reported as a cumulative rate after two or three surveillance procedures. The only baseline characteristic found in this study to be significantly associated with the rate of recurrent adenoma was the presence of SA. In the presence of SA, the overall rate is 38%, compared with 21% without SA (P ϭ .01). The number of SAs was also important. Four or more SAs was found to have a recurrent adenoma rate of 59%, which is significantly greater than the rate of fewer than three SAs (27%; P ϭ .0007). Location, age, and sex did not significantly change the rate of recurrent adenomas. Age showed a positive trend for age Ͼ70 years but did not reach statistical significance. The association of stage of CRC with recurrent adenomas was weak and linked to the presence of SA (Tables 4 and 5 ). This finding will have to be investigated and confirmed in future studies. CRCs confined to a polyp are usually small tumors presenting in a villoglandular polyp and could be classified as a small CRC within SA. The fact that polypoid carcinomas, or carcinomas confined to a polyp, were not associated with increased rates of adenoma recurrence (Table 3) indicates, surprisingly, that their behavior is rather more like a solitary CRC and is not associated with characteristics of SA.
Slater et al. 26 found that CRCs on the right side of the colon were more likely to be associated with SA. Some of these patients probably had the hereditary nonpolyposis colon cancer syndrome, which today would have been recognized by the younger age and the family history of gastrointestinal and uterine cancers and confirmed by microsatellite instability and genetic testing. A survey of the literature failed to reveal any other prognostic factors for recurrent adenomas other than SAs in this patient population of resected colorectal cancer. 14 -18,27 It is possible that the significant adenoma factors found in the context of sporadic adenoma could also be found to affect adenoma recurrences in resected CRC patients. For example, a larger prospective study will be required to investigate size, histology, right-or left-sided location of SA, or other characteristics of the presenting CRC, such as location, tumor differentiation, and stage, in relationship to adenoma recurrence rates and to the rates of second primary CRC development. Furthermore, the interpretation and significance of these clinical and pathologic characteristics of recurrent adenomas in the context of the adenoma-carcinoma sequence need to also be linked to molecular markers associated with the underlying genetic changes. The implication is that in chemoprevention studies, meaningful biomarkers need to be identified and linked with known significant clinical factors in generation of new adenomas and carcinomas in the large gut.
The incidence of SA in this series of 60% is higher than the 30% to 36% observed in most series. 14, 28, 29 It is clear that the rate of SA will have to be figured into the results of adenoma recurrence in any future studies.
The rate of second primary CRC in patients treated for CRC ranges from .2% to 1% per year of followup. 14, 15, 30, 31 This rate increases by 2-fold for CRC with SA. 14, 30 It will be important if this rate of development of second CRC is also increased by the presence of recurrent or metachronous adenomas. The rate of second CRC is also significantly increased in young patients (Ͻ50 years old and, especially, Ͻ40 years old). 32 Our study had only 15 (7.8%) patients younger than 50 years old and 3 (1.5%) patients Ͻ40 years old and therefore could not adequately address the issue of younger age and second adenomas in CRC patients. Clearly, many of the factors linked with recurrent adenomas will also have to be analyzed, in future studies, with respect to the end point of second primary CRC.
The intergroup adjuvant chemotherapy trial (0089) reported a 1.5% rate of second primary CRC in 5 years among 3278 patients. 33 This rate is seven times higher for CRC than that for individuals entered in the National Polyp Study. 13 This study, the largest to date, confirms that the patient population with resected CRC is among the highest-risk groups for developing a second sporadic CRC. Future chemoprevention studies should target individuals with resected CRC, use recurrent adenomas as a major end point, and consider the presence of SA as an added risk factor. Prevention studies thus far have used adenomas as the end point, which ultimately is secondary in importance to cancer development. To demonstrate CRC prevention, future studies must be performed in high-risk groups, such as individuals with resected CRC or groups with sporadic adenomas and inherited polyposis.
